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TEST ABSTRACT 


Twenty -five Hughes HCMP 1852D and 25 RCA GDP1852D 8-bit, 

CMOS, I/O -port microcircuits were subjected to electrical characterization 
tests. All electrical measurements were performed on a Tektronix S-3260 
Test System at the Hughes Aircraft Company Technology Support Division in 
Culver City, California. Before electrical testing, the devices were subjected 
to a l68-hour burn-in at 125°C with the inputs biased at lOV, The burn-in 
was performed at the JPL facilities in Pasadena, California. 

Four of the Hughes parts became inoperable during testing. They 
exhibited functional failures and out- of- range parametric measurements 
after a few runs of the test program. 
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1.0 INTRODUCTION 


This report documents the results of electrical character ijsation tests 
performed to determine the electrical performance characteristics of 25 RCA 
CDP1852D and 25 Hughes HCMP 1852D CMOS integrated circuits. The 
performance characteristics were measured under various electrical conditions 
at five temperatures. The data was analyav.d and tabulated to show the effect 
of operating conditions on performance and to indicate parameter deviations 
among the devices in each group. This information can be used in evaluating 
typical device performance and in determining specification limits. Accuracy 
v/as given precedence over time -efficiency where practical, and tests were 
designed to measure worst-case pei'formance. 

The tests were divided into three categories: functional, AC parametric 
and DC parametric. The functional tests were perfonned on a pass/fail basis 
to verify that the device under test (DUT) was logically correct. All voltage 
and timing conditions (except supply voltage) were set to nominal values to 
distinguish between functional failures and statistically unusual devices. The 
AC parametric tests consisted of propagation delays, transition times, setup 
times, hold times, and pulse widths. These were measured either by a one- 
shot technique or by a moving-strobe method, depending on the nature of the 
measured parameter. The DC parametric tests were simple static measure- 
ments made by forcing specified conditions on tire DUT and measuring a 
voltage or current. 

All of these tests were performed under computer program control on 
a Tektronix S-3260 Automated Test System. All devices were subjected to the 
full set of tests at ambient temperatures of -55°C, -20°C, 25°C, 85°C, and 
125°C. The temperature environment was provided by a Temptronic thermal 
airstream unit (TP450A) under program control. 
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Twenty” -five devices from each manufacturer (RCA and Hughes) were 
tested. The data was tabulated and analyzed separately for each lot. There 
were no functional failures or significantly deviant devices In the RCA lot. In 
the Hughes lot, four devices failed the functional tests and yielded out-of- 
range or abnormal parametric values. These failures are discussed In 
detail in Section 4, 0. 
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2.0 DEVICE DESCRIPTION 


Tho RCA CLP1852D and Hunhes HCMP 1852D arc 8-blt, 
mode -prog rainmabic, {parallel input/output ports lor use in 1800-scries 
microprocessor systems. They are capable of intcrfacintt directly with the 
1802 microprocessor without additional components. 'Ihey use static silicon* 
Kate CMOS circuitry and are compatible wdth 4000-series microcircuits. 

They are supplied in 24-lead, hermetic, dual-in- line, ceramic packages. 

A brief functional description of the 1852 device is given in Para- 
graph 2. 2. Pin connections are shown in Figure 1, and a functional diagram 
appears in Figure 2. 



Figure 1. 1852 Pin Co .nectiont. 
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Ftflure 2. 1862 Functional Diagram 

2.1 PIN DESCKIP'l IONS 

2. 1. 1 Mode Control Input (Mode) 

The mode control input pro^irams the device as an input port (MODI. 
0) or an output port (MODE 1), 


2.1.2 Clock Input 

The clock injjut enters data into the data rejiister (see f'iyure 2) and 
affects the SK output. 


2. 1. 3 Chip Select Inputs (CSl, CS2) 

The chip select inputs enable or disalile the tristate data outputs and 
affect the SR output and entry of data into the register. 

2. 1. 4 Clear I nput 

The clear in|jut clears the data register and resets the SR output. 
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2.1.5 Data Inputs (DIO thi*ough DI7) 

The data inputs provide the eight bits of data fov the register, 

2.1.6 Data Outputs (POP through D07) 

The data outputs are three-state (logic "1", logic "O", high- 
impedance) output drlver.s, 

2.1.7 Service Request Output (SR) 

The service request output provides the signal to the processor or 
output device. The output provides positive logic in the output mode and 
negative logic In the input mode. 

2.2 OPERATION 

2.2.1 Operation as Input Port 

The data at the inputs is strobed into the data register when the 
clock pin is high (logic "1"). The data outputs are enabled when both chip 
selects are high (CS1*CS2 = 1). The service request output is set (SR = 0) 
by negative (high-to-low) transition of CLOCK. The service request 
output is reset (SR = 1) by negative transition of CS1»CS2 or negative 
transition of CLEAR, The data register is cleared (set to logic "0") when 
CLEAR = CLOCK = 0. 

2.2.2 Operation as Output Port 

The data is strobed into the register when CSl* CS2* CLOCK = 1. 
Data outputs are enabled at all times. The service request is set (SR = 1) 
by the negative transition of CS1.CS2. The service request is reset 
(SR = 0) by the negative transition of CLOCK or the negative transition 
of CLEAR, The data register is cleared when CLEAR = CLOCK = 0. 
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3. 0 DESCPJPTION OF TESTS 


Testing any parametet’ o£ an 1852 device involves applying stimuli to 
the device and obsei’ving its response. The details of these two actions define 
the specific test cr measurement, Microcircuit tests can be divided into 
functional tests, AC parametric tests, and DC parametric tests. The follow- 
ing are brief explanations of the methods used with the Tektronix S-3260 to 
perform these tests, 

3. 1 FUNCTIONAL TESTS 

Functional tests are performed on a pass/fail basis using a pattern 
of logical "l"s and "0"s. The pattern defines a series of stimuli to be 
presented at the DUT inputs and a series of results to be expected at the 
outputs. The input levels are provided by drivers whose voltage levels can 
be programmed individually for each input and whose state (1, 0, or inhibited) 
is controlled by the pattern. The expected DUT output levels are checked by 
comparators which are also individually programmable and under pattern 
control. The comparators are strobed so that the output is sampled only 
during a specific time interval. An error is detected under the following 
conditions : 

1. During comparison for a 1, if the DUT output is less than the 
logic "1" compare level at any time during the compare window 

2, During comparison for a 0, if the DUT output is greater than the 
logic "0” compare le vel at any time during the compare window 
(see Figure 3). 

The placement and width of the compare window and the frequency at 
wiiich the pattern is run are under program control. 
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The functional tests wei*c performed using the pattern shown In 
Table 1, The test conditions are shown In Table 2, 

3,2 AC Parametric Tests 

AC pajamctrlc tests performed on the 1852 device Include propagation 
delays, transition times, and Input timing tests. The propagation delays were 
measured using a one-shot (real time) technique which makes a direct measure- 
ment of the time between two transitions. The trigger levels at which the 
measurement clock starts and stops are determined by comparator settings 
and ate programmable, 

Transition times are measured indirectly. Propagation delays are 
measured to the output-under-test at two trigger levels (usually 10 percent 
and 90 percent of output swing). The difference between the two delays is the 
transition time between the two levels. 

Input timing Is controlled on the S3260 by a number of programmable 
clock phases, A‘\ uiput may be programmed to assume one level (determined 
by the pattern nj ^.rivers) for an entire clock cycle or to appear as a pulse 
witlT;in the cycle. The start time and duration of this pulse are programmable, 
and several Inputs can be pulsed differently within a clock cycle. This allows 
input timing conditions to be varied over a wide range so that their effect on 
device performance may be determuied. Minimum timing conditions for 
proper device operation, such as set up and hold times, are measured by 
moving the pulse edges relative to one another while repeatedly running a 
functional tost pattern (see Paragraph 3. 1). If the parameter of interest is 
varied from a failing condition (for example, very short setup time) to a 
passing cunditlon, the value at which the device first functions properly is the 
minimum. To ensure Isolation of the parameter under test, the other timing 
conditions arc greatly relaxed. 

The following AC parameters were measured at VDD voltages of 5V 
and lOV (refer to Table 3 for test conditions); 

Input Mode Propagation Delays 

1. Clear to data outputs (TCLR, Figure 3) 

2, Chip select to output on, low (TCAO, Figure 4) 
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TABLE 1. FUNCTIONAL TEST PATTERN 
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TABLE 2. FUNCTIONAL TEST CONDITIONS 


Condition 

At 3V 

At 15V 

Drivers, Hijfh (Lo({ic "1”) 

3V 

I5V 

Drivers, Low (Loftic "0") 

OV 

OV 

Comparators, High 

1. 5V 

7. 5V 

Comparators, Low 

1. 5V 

> 

in 

• 

Cycle Time, (Period) 

16 ps 

16 ps 

Compa re W indow! Start 

1 5.95 ps 

15.95ps 

Duration 

8 ns 

8 ns 


TABLE 3. AC-PARAMETRIC TEST CONDITIONS 


Pa rameters 

At VDD = 5V 

At VDD= 10 V 

Drivers, HiRh 

5V 

lOV 

Drivers, Low 

OV 

OV 

Compa ratoi : 



Delays to On/ Off; 



High 

3. 75 V 

7. 5V 

Low 

1. 25V 

2. 5V 

Other Delays : 



High 

2. 5V 

5V 

Low 

2. 5V 

5V 

Input Timing: 



High 

2. 5V 

5V 

Low 

2. 5V 

5V 

Transition Time: 



High 

4. 5V 

9V 

Low 

0. 5V 

IV 

Cycle Time 

5 ps 

5 ps 

Output Loads; 



On /Off 

Figure 6 

Figure 6 

Other 

Figure 7 

Figure 7 
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clear - 1 , MODE - 0 


Figure 4 . Inf: 
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3. Chip select to output on, high (TCAl, Figure 4) 

4. Chip select to output off, low (TCBO, Figure 4) 

5. Chip select to output off, high (TCUl, Figure 4) 

6. Clock to service request (TSRO, Figure 3) 

7. Chip select to service request (TSRl, Figure 4) 

8. Clear to service request (TSR2, Figure 3) 

Output Mode Propagation Delays 

1. Clear to data outputs (TCLR, Figure 3) 

2. Clock to data outputs, high (TOUl, Figure 3) 

3. Clock to data outputs, low (TODO, Figure 3) 

4. Clock to service request (TSRO, Figure 3) 

5. Chip select to service request (TSRl, Figure 4) 

Input Mode Input Timing 

1. Minimum cluck pulse width (TWS, Figure 4) 

2. Minimum data setup time (TDS, Figure 4) 

3. Minimum data hold time (TDH, Figure 4) 

4. Minimum time from clock 1 0 to chip select 0 1 

(TCS, Figure 4) 

Out jut Mode Input Timing 

1. Minimum clock pulse width (TWS, Figure 4) 

2. Minimum data setup time (TDS, Figure 4) 

3. Minimum data hold time (TDH, Figure 4) 

Transition Times 

1. Output, low to high (TTLH, Figure 5) 

2. Output, high to low (TTHL, Figure 5) 



Figofe E. Tnmtition Time 
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tvtwm Capadtanc* 
Figurt 6. Output Load (On/Oft) 



*lncluda« Svatam Capacitanca 

Figure 7. Output Load 

The in|jut tiniin): parameters TWS, TDS, and TDH were measured 
using time slots 9 through 38 of tlie functional test pattern (refer to Table 1). 
The parameter under test was varied in 1 -nanosecond increments as shown 
in Table 4. The TCS parameter had no effect on the proper functioning of the 
device. 

3. 3 DC HARAMKTIUC: TESTS 

XJost of the DC parametric tests were performed in a straightforw'ard 
manner. Input conditions were applied using the drivers as in the functional 
and AC tests, and the pin under test was forced w'ith a regulated voltage or 
current supply (depending on tlie specific parameter). The desired parameter 
was then lueasurod and recorded. 
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TABLE 4. AC PARAMETERS MEASURED WITH PATTERN 


I’a rametcr 

Varit d 

TUS 

TDH 

TWS 

(rs) 

Load 

(F‘8. ) 

F rom 
(ns) 

To 

(ns) 

TWS 

8 

500 

2(xs 

3fxs 

-- 

4 

TDS 

-200 

300 

-- 

700ns 

1 

4 

TDH 

-100 

500 

500ns 

-- 

1. 5 

4 

TCS 

-500 

500 

1|18 



4^8 

1 

5 


The exceptions were the VIH (minimum logic "1" input voltage) and 
VIL (maximum logic ”0 " input voltage) tests, Tliese were similar to the 
input timing tests, except that the input voltages were varied instead of the 
timing . 

In the VIH test, all inputs except the one under test had drive levels 
of VDD and OV. Timing conditions were nominal. The logic "0" level 
of the input under test was set at OV', and the logic "1" level was set to a 
voltage low enough to enjure that the device would fail to function properly. 
The functional test was run repeatedly, with the logic "1" level on the 
input under test raised each tinie, until the device passed. The vo Itage 
at which the device first passed was the minimum logic "1" level for the 
input under test. The VIL test was performed in a similar manner. 

Table 5 lists the DC parameters measured, with the exception of 
VIH and VIL. Ihese two parameters wore measured using the functional 
test pattern of Table 2. The timing conditions were the same as those for 
functional tests (refer to Paragraph 2.2). The input voltages were varied 
in 0. 1-volt increments as shown in Table 6. Each input was tested 
separately at each voltage. 
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table: 5. DC-PARAMETRIC TESTS 
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VIH AND VIL TEST CONDITIONS 
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4. 0 TEST RESULTS 


4. 1 SUMMARY 

Three of the Hughes parts (serial numbers 31, 38, and 46) became 
inoperable during testing. They each performed normally through one or two 
runs of the test programs, then began to yield out-of-range values. Serial 
number 31 was the only device to fail both functional tests repeatedly. The 
other devices passed the functional test but yielded no reading on numerous 
parametric tests, particularly those performed at high voltages. Serial 
number 42 exlribited similar characteristics, beginning with the first iteration 
of the test program, and remained stable through subsequent runs. 

None of the RCA parts failed the functional tests or yielded abnormal 

data. 

4.2 DATA TABULATION 

For each parameter, the data was tabulated by device serial number 
and temperature. The sign "<'!«*' to the right of a value was used to indicate 
an out-of-ranga measurement. The minimum, maximum, mean, standard 
deviation, and median values were listed at tlie bottom of each temperature 
column. Out-of-range measurements were excluded from the statistics. 

The RCA parts were numbered 3 through 27; die Hughes parts were 
numbered 28 through 52. The statistics for each group were calculated 
separately. Serial numbers 31, 38, 42, and 46 were excluded from the 
tabulations. 
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In addition to the printed data, histograms of some parameters wei 
provided. Each histogram displays data for one or more parameters at all 
five temperatures, in ascending order (-55°C, -20°C, 25°C, 85°C, 115^C). 
The histograms illustrate clearly both the effect of temperature and the 
distribution of devices for each [>arametrr. RCA and Hughes parts were 
plotted separately. Table 7 is a list of the [>arameters plotted. The 
histograms are provided in Appendix A. 


TABLE 7. LIST OF HISTOGRAMS 


Fa ramete r 

Conditions 

ISS 

VDD = 15V 

lOH 

VDD = 5V, VO = 4.6V 


VDD = lOV, VO = 9. 5 V 

lOL 

VDD = 5V, VO = 0. 4V 


VDD = lOV, VO = 0. 5V 

TCAO and TCA 1 

VDD = 5V 

together 


TCBO and TCDl 

VDD = 5V 


VDD = lOV 

TODO and TODl 

VDD = 5V 

, 

VDD = lOV 
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